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- — P Semi -operational  Testing  ifL  the  ujRAD  system,  tore  conducted 
l the  Hawaiian  Area  from  29  April  to  17  June  196 3»  ->utfiese  testa 
ire  designed  to" demonstrate  the  effectiveness  of  LORAD  for  ASW, 

.th  both  conventional  and  high  performance  submarines  as  targets. 


This  paper  will  illustrate  briefly  the  types  of  tests 

conducted  and  report  same  of  the  results  obtained.  >The  computer 
detection  program  used  to  perform  the  analysis  reported  here  and 
which  was  also  used  as  the  on-line  computer  program  during  these 
test 8 vUi  bbjtlliBcussed.  The  evolution  of  this  program  will  also 
be  described.  ^ 

Basic  LORAD  Philosophy  J? 


LORAD  which  is  taken  from  the  words 4Long  Range  Active 
Detection) is  a program  to  develop  an  active  sonar  system  for  the 
detection  of  submarines:  in  deep  water  at  ranges  to  100  miles, 
and  shallow  water  at  ranges  to  30  miles.  Ranges  up  to  100  miles 
are  achieved  through  the  use  of  convergence  zone  phenomena.^ de- 
tailed discussion  of  this  phenomepa^etre'giveii  in  the  1956Ta)RAD 
Summary  Report  - NEL  No.  698).  In  shallow  water,  ranges  to  30 
miles  are  achieved  by  surface  duct  transmission.  L.&R ^ 

The  LORAD  system  utilizes)^  pseudo-random  noise  correla- 
tion scheme  in  which  a deltlc  heterodyne  correlator  time  compresses 
and  correlates  the  lncomln^uechoes  with  a stored  reference  of  the 
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FIG.  1.  - Diagram  of  a 120  LORAD  System 

An  AN/USQ-20  computer  is  used  on-line  for  post  detection  analysis 
and  it  is  this  aspect  of  the  system  at  which  the  major  part  of  this 
paper  is  aimed. 


The  LORAD  equipment  Is  composed  of  modules  each  of  which 
cowers  an  azimuth  angle  of  120°.  Thus  a surface-ship  LORAD 
employing  a large  transducer  mounted  deep  beneath  the  ship's  keel 
would  employ  three  modules  in  order  to  get  jS0°  coverage.  A sub- 
marine with  a bow-mounted  transducer  might  employ  two  or  perhaps 
only  one  module  to  get  2kO°  or  120°  coverage  respectively. 

A scaled  version  of  an  operational  LORAD  system  has .been 
installed  aboard  the  U3S  BAXA  (AQSS-318)  for  evaluation.  This 


system  provides  all  the  functions  of  an  operational  system  and 
consists  of  a single  120°  transmission  system.  However,  for 
economy  reasons,  only  a portion  of  the  signal  processing  equipment 
is  implemented,  providing  for  a 30  degree  sector  in  hearing  (See 
Figure  2). 


FIG.  2.  - The  coverage  of  an  operational  LORAD  system 
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Therefore  the  BA XA  is  capable  of  ensonifylng  go  area  120°  In  azimuth 
but  signal  processing  is  limited  tg  only  a 30°  segment  of  the 
ensoul fled  area.  Presently  the  30°  sector  used  for  LORAD  studies 
is  an  area  centered  on  the  bow. 


The  format  of  the  data  which  the  computer  processes  is 
shown  la  Figure  3. 


FIG.  3.  “ Format  of  I£RAD  data  word 

The  first  bit  is  cm  Indicator"  bit  which  will  be  described  later. 
The  next  five  bits  describe  the  amplitude  of  the  correlation 
sample.  The  next  three  bits  describe  the  range  rate  of  the  sample 
and  the  next  six  bits  describe  the  bearing  upon  which  the  sample 
was  taken.  The  last  15  bits  represent  the  range  of  the  sample 
determined  by  round-trip  propagation  time. 

Figure  4 shows  the  threshold  mechanism  used  to  limit  the 
data  entering  the  computer. 
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A correlation  sample  comes  in  to  the  analog -to-digital 
converter  as  a voltage,  the  amplitude  of  which  depends  upon  the 
degree  of  correlation  in  the  correlator.  In  addition  to  being 
converted  into  digital  form  by  the  converter,  this  voltage  is 
also  impressed  upon  the  "T"  threshold  circuit.  This  threshold, 
which  is  adjusted  by  the  computer  to  admit  about  15, 000  words  per 
transmission,  will  only  be  exceeded  by  about  two  percent  of  the 
correlation  samples.  When  exceeded,  a control  signal  out  of  the 
threshold  circuit  and  through  a timing  AND  circuit  will  open  the 
gate  to  let  the  data  pass  into  the  computer.  These  words  Me 
placed  in  a reserved  section  of  the  computer  memory  called  the 
Temporary  Data  Storage  (TDS)  list.  This  list  is  also  recorded 
on  magnetic  tape  for  later  analysis  in  the  laboratory. 

In  addition  to  the  "T"  threshold,  another  circuit  known 
as  the  "P"  threshold  is  shown.  While  it  is  identical  in  con- 
struction, the  "P"  threshold  performs  an  entirely  different 
function.  "P"  is  normally  set  much  higher  than  "T"  so  that  only 
a small  percentage  of  the  words  that  get  into  the  computer  will 
also  exceed  the  "P"  threshold.  When  the  "P"  threshold  is  exceeded, 
its  output  sets  the  "indicator  bit"  of  the  data  word  to  a "one". 

This  is  an  indication  to  the  computer  to  perform  an  analysis  of 
this  word  and  the  words  surrounding  it  in  range  and  bearing. 

Again,  the  computer  has  a feedback  path  to  the  "P"  threshold  which 
keeps  "P"  adjusted  to  a point  such  that  the  computer  does  not  detect 
more  clusters  than  it  has  room  to  retain  in  a storage  list  for  later 
history  reference. 
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A simplified  flow  diagram  of  one  of  the  LORAD  processing 
programs  is  shown  in  Figure  5. 
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FIG.  5.  - LORAD  processing  program 

When  a "P"  word  is  found  in  the  TDS  list  which  is  not  in  a 
previously  formed  cluster,  a new  cluster  is  formed  whose  range  extent 
is  fixed  about  the  range  of  the  flagging  "P"  word.  The  hearing  ex- 
tent of  the  cluster  is  the  full  30°  of  the  system.  The  best  'range 
rate  of  the  cluster  is  determined  and  then  an  amplitude  sum  of  the 
words  within  the  cluster  having  the  best  range  rate  is  calculated  If 
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Lorad  Processing  Program  Used  in  Hawaiian  Tests 
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this  amplitude  sum  exceeds  a display  threshold,  the  center  of 
gravity  in  range  and  "bearing  of  the  cluster  is  calculated  and 
stored  in  the  Probable  Target  Storage  (PTS)  list  for  display  and 
tracking,  then  the  search  of  TDS  is  resumed.  If  the  display  thres- 
hold is  not  exceeded  the  cluster  is  disregarded  and  the  search  of 
the  TDS  list  is  resumed.  The  display  threshold  is  a means  of 
controlling  the  total  number  of  target  and  non-target  clusters  to 
be  retained  per  ping  for  display  and  tracking  purposes. 

Data  Analysis 

In  the  laboratory,  various  computer  processing  programs 
such  as  discussed  previously  vere  used  to  analyze  digital  data 
vhich  had  been  recorded  during  detection  tests  at  sea.  The  data 
used  were  from  a number  of  different  sea  trips  and  included  targets 
of  various  aspects  and  echo  sizes.  A great  deal  of  work  was  per- 
formed on  these  analysis  results  to  confirm  that  all  targets  had 
been  found  or  that  certain  targets  had  been  found  by  one  method  but 
not  by  another. 

Processing  programs  with  little  or  no  display  thresholding 
were  used  in  searching  for  clusters,  and  the  information  about  these 
clusters  was  printed  out  on  hard  copy  for  further  scrutinizing. 

These  data  were  then  searched  for  targets  by  referring  to  DRT  plots 
made  by  the  target  boat  during  the  tests,  and  to  the  log  kept  by 
the  LORAD  operating  personnel  on  the  BAZA  corresponding  to  the 
particular  data. 

The  majority  of  the  targets  were  found  very  quickly  with 
the  use  of  the  LORAD  log  and  the  targets  DRT  plot.  Additional 
suspected  small  targets  were  found  by  hand  tracking  the  previously 
found  targets.  Next,  a plot  was  made  on  a high  speed  printer  of 
each  target  and  suspected  target  (See  Figure  6). 
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FIG.  6.  - High  speed  printer  plot  of  typical  target  cluster 

T£e  figures  at  the^ottom  of  the  plot  in  Figure  6 refer 
to  the  16-2°  beams  in  the  30°  signal  processing  equipment  implemented 
on  the  BAXA.  The  figures  on  the  left  represent  range  in  miles.  The 
figures  at  the  top  are  seme  data  gathering  aids  such  as  the  identi- 
fying ping  number,  frequency,  etc.  Each  word  in  the  cluster  is 
represented  by  a number  for  the  correlation  amplitude  of  that  sample 
and  a figure  for  the  range  rate  of  the  sample.  Range  rate  codes 
are  A,  B and  C for  opening  6,  12  and  18  knots  respectively;  W,  X, 

Y and  Z represent  6,  12,  l8  and  24  knots  closing  respectively. 

Where  a correlation  sample  has  no  figure  associated  with  it  the 
range  rate  of  the  sample  is  zero. 

A suspected  target  was  assumed  to  be  an  actual  target  if 
it  showed  range  and/or  bearing  clustering  characteristics.  The 
minimum  clustering  characteristic  was  arbitrarily  set  at  two  words, 
one  or  both  having  the  ”P"  Indicator  set,  on  the  same  or  adjacent 
range  Increments,  having  the  same  range  rate,  and  within  2 beams 
of  each  other.  A plot  was  also  made  of  the  predicted  area  in  which 
a target  cluster  should  have  been,  according  to  an  analysis  track, 
but  was  not  detected.  In  some  Instances  the  target  was  found  but 
had  been  overlooked,  for  some  reason,  by  the  detection  program. 
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The  individual  characteristics  of  each  target  were  analyzed, 
especially  those  targets  which  were  not  detected  by  normal  means. 
After  analyzing  these  clusters,  a detection  program  was  written 
which  would  detect  all  of  the  targets  analyzed  and  would  also 
discriminate  against  a large  percentage  of  the  noise. 


Data  Processing  Program  Used  in  Hawaiian  Tests 
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is  resumed.  This  test  eliminates  the  noise  which  is  not  cluster- 
like and  it  does  so  before  a cluster  is  formed,  rather  than 
afterwards  as  was  done  in  the  previous  detection  programs.  Be- 
cause a majority  of  the  "P"  words  which  initiated  the  formation  of 
a cluster  in  the  previous  detection  programs  are  ignored,  the 
average  running  time  of  the  new  program  is  some  three  times  faster. 
(The  memory  space  occupied  by  each  is  about  the  same). 

If  a cluster  is  to  be  formed,  its  range  and  bearing  limits 
are  determined.  The  bearing  limits  are  the  full  30°  of  the  system 
as  in  the  previous  program.  However,  the  range  limits  sure  deter- 
mined by  the  extent  of  contiguous  range  increments  in  each  direction 
from  the  "P"  word.  The  range  extent  of  the  cluster  is  determined 
by  the  cluster  itself,  rather  than  being  a fixed  length,  thus 
reducing  the  possibility  of  influencing  the  target  with  noise  and 
also  eliminating  the  possibility  of  splitting  large  clusters. 

While  noise  may  have  no  adverse  effects  on  large  clusters,  it  could 
certainly  affect  the  range  and/or  bearing  determination  of  a very 
small  target  cluster.  On  the  other  hand,  small  targets  should  not 
be  affected  by  a fixed  range  extent  limit,  but  a large  target 
cluster  may  be  split,  initiating  the  formation  of  two  clusters  in- 
stead of  one.  These  two  clusters  while  being  very  close  in  range 
and  bearing  to  the  actual  target,  nevertheless  usually  differ  from 
the  actual  location. 


After  the  range  and  bearing  limits  of  the  cluster  have 
been  assigned,  the  best  range  rate  of  the  cluster  is  determined 
and  the  amplitude  sum  of  the  words  within  the  cluster  on  the  best 
range  rate  is  calculated.  If  this  amplitude  sum  exceeds  the  dis- 
play threshold,  the  center  of  gravity  range  and  bearing  of  the 
cluster  is  calculated  and  stored  in  the  PTS  list,  then  the  search 
of  TDS  is  resumed.  If  the  amplitude  sum  fails  to  exceed  the  dis- 
play threshold,  the  cluster  is  ignored  and  the  search  of  TDS  is 
resumed. 


A computer  program  was  developed  to  compare  this  detection 
program  and  its  predecessor,  using  some  data  recorded  during  the 
Hawaiian  tests.  The  data  used  for  this  comparison  were  from  an 
entire  run  with  the  USS  SWORDFISH,  which  will  be  described  later. 

The  data  corresponding  to  one  TDS  list  were  processed  a number  of 
times  by  the  new  detection  program  using  various  display  thresholds. 
The  number  of  clusters  stored  in  the  PTS  list  was  counted  and  the 
running  time  of  the  detection  program  was  measured  for  each  thres- 
hold setting.  An  additional  run  was  made  at  a low-display  threshold 
setting  and  the  Information  about  each  cluster  was  printed  on  hard 
copy  for  varification  that  the  target  had  been  found.  This  pro- 
cedure was  repeated  using  a total  of  100  pings.  A table  was 
developed  by  the  computer  showing  display  threshold  versus  total 
number  of  clusters  and  the  average  processing  time  using  that* 
threshold. 
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The  above  procedure  vas  then  repeated  using  the  older 
detection  program.  The  number  of  actual  targets  vas  subtracted 
from  the  total  number  of  clusters  and  an  average  number  of  non- 
target clusters  (target-like  noise  clusters)  per  ping  for  a number 
of  display  threshold  settings  vas  calculated.  The  percent  of 
targets  detected  (number  of  targets  detected/number  of  targets 
potentially  detectable)  for  the  same  display  threshold  settings 
vas  also  calculated.  The  number  of  non-target  clusters  per  ping 
Ana  the  percent  of  targets  detected  for  each  detection  program  vas 
then  plotted  on  a single  graph  as  a function  of  display  threshold 
setting.  (See  Figure  8). 


no.  8.  - Percent  of  Targets  Detected  versus  Display  Threshold 
Setting  and  Average  Number  of  Non-Target  Clusters/ 
Ping  versus  Display  Threshold  Setting 


CONFIDENTIAL 

11 


PERCENT  OF  TARGETS  DETECTED 


AVERAGE  NUMBER  OF  NON  TARGET  CLUSTERS  PER  PING 


Kuhlmann 

CONFIDENTIAL 

The  Important  thing  to  note  is  the  relationships  of  the 
total  number  of  clusters/ping  to  the  percent  of  targets  detected 
at  the  low  threshold  end  of  the  curves.  The  curves  for  the  old 
processing  program  show  that  the  operating  threshold  for  the 
system,  using  the  100  pings  in  the  test,  should  be  at  least  17  to 
keep  the  average  number  of  echoes/transmission  at  a tolerable 
rate.  At  this  level  we  attained  28$  detection.  The  curves  for 
the  new  processing  program  show  that  the  detection  threshold  can 
be  reduced  to  zero  and  obtain  an  additional  5$  detection  while 
still  maintaining  a tolerable  number  of  echoes/transmission.  This 
new  detection  technique  seems  to  lend  itself  very  well  to  auto- 
matic tracking  techniques  which  are  now  being  investigated  in  the 
LORAD  program. 

In  some  recent  detection  tests  in  the  laboratory,  using 
the  new  detection  program,  the  "P"  indicator  of  the  data  words 
was  completely  ignored.  This  had  little  or  no  effect  on  the 
total  number  of  clusters  selected.  However  the  total  running 
time  was  about  doubled.  Therefore  the  necessity  of  the  "P" 
indicator  and  "P"  threshold  circuitry  are  still  evident,  but  for 
a different  reason.  The  "P"  indicator  is  no  longer  needed  to  limit 
the  number  of  clusters  to  be  stored  in  PTS,  but  it  is  needed  to 
speed  up  the  running  time  of  the  detection  program. 

Hawaiian  Detection  Tests 

LORAD  system  tests  were  conducted  in  the  Hawaiian  area 
during  the  period  from  29  April  to  17  June  1963*  The  BA3CA  accom- 
panied by  the  USS  REXBURG  (EPCER-855)  departed  from  San  Diego  on 
10  April  1963,  after  very  tight  loading  schedules  and  calibration 
testing  of  a new  LORAD  projector.  Delivery  of  this  projector  was 
late  and  forced  the  sailing  date  to  be  postponed  from  an  earlier 
date  of  4 March  1963.  The  services  of  two  submarines,  the  USS 
BREAM  and  the  USS  BLUEGILL  were  lost  because  of  the  postponement. 
However,  the  services  of  the  USS  STERLET  and  USS  SWORDFISH  were 
acquired  so  that  total  operating  time  remained  the  same. 

Echo-repeaters,  which  were  designed  and  constructed  at 
the  U.  S.  Navy  Electronics  Laboratory,  for  use  as  artificial  targets 
in  the  IARAD  program,  were  carried  aboard  the  REXBURG.  Each  echo- 
repeater  consisting  of  a buoy,  a hydrophone,  an  amplifier  and  a 
transmitter  simply  amplifies  and  retransmits  the  LORAD  signal  as 
picked  up  through  its  hydrophone.  The  equivalent  target  strength 
of  the  amplifier  can  be  adjusted  to  represent  targets  of  various 
aspects. 

During  the  transit  to  Pearl  Harbor  four  detection  tests 
were  conducted,  in  separate  are as,  with  an  echo-repeater.  The 
first  area  was  approximately  700  miles  due  west  of  San  Diego.*  The 
three  succeeding  areas  were  spaced  at  about  500  mile  intervals  to 
Pearl  Harbor.  Each  area  was  selected  for  having  a uniform  depth 
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to  support  convergence  zone  echo  ranging  tests.  The  north/south 
variance  between  stations  provided  different  oceanographic 
conditions  for  each  station. 

The  purpose  of  these  tests  was  to  thoroughly  shake  down 
the  LORAD  system  In  preparation  for  later  tests  in  Hawaiian  waters. 
Echo  ranging  was  conducted  at  the  first,  second  and  third  convergence 
zones.  Results  were  good  in  the  first  and  second  zones  but  meager 
in  the  third  zone  attempt.  Some  breakdowns  occurred  in  the  transis- 
torized power  amplifiers  and  inductor  switching  mechanism  for  the 
new  projector  installed  prior  to  sailing.  However,  by  isolating 
the  faulty  sections  of  the  transducer  and  making  whatever  repairs 
possible  at  sea,  the  system  was  kept  operating  at  all  stations. 
LORADAC,  the  communications  portion  of  the  system,  was  very  satis- 
factory. Messages  were  transmitted  by  the  BAYA's  outgoing  pings. 

A large  proportion  of  these  messages  were  received  and  interpreted 
by  the  receiving  equipment  aboard  the  REXBURG  in  spite  of  heavy  sea 
conditions  which  made  quiet  listening  difficult. 

Week  of  29  April.  USS  BARBEL  (SS-58O) 

The  first  operating  week  with  a submarine  target  in  the 
Hawaiian  area  was  with  the  USS  BARBEL  (SS-580).  This  week's  oper- 
ation was  the  first  time  that  the  LORAD  system  had  been  used  with 
a high  performance  submarine  as  a target.  While  the  BARBEL  is  a 
diesel  powered  submarine,  its  ALBACORE  type  hull  makes  its  perfor- 
mance capabilities  almost  equal  to  the  latest  type  nuclear  boat. 

The  main  objective  of  this  week's  operation  was  to  determine  the 
LORAD  system's  detection  capabilities  with  a high  performance 
target. 

In  spite  of  equipment  problems  with  the  signal  processing 
equipment  on  the  BAYA,  and  lack  of  station  keeping  on  the  BARBEL  to 
obtain  accurate  initial  positioning  for  the  start  of  the  events, 
much  valuable  data  was  obtained.  Because  of  the  above  mentioned 
problems,  the  tests  were  all  conducted  at  first  convergence  zone 
ranges. 

Echoes  showing  opening  and  dosing  range  rates  up  to  10 
knots  >ere  seen.  Also  the  target  made  runs  at  various  depths  be- 
tween 600  feet  and  periscope  depths  which  were  detected  and  tracked 
successfully  by  the  BAXA.  LORADAC  messages  were  transmitted  and 
successfully  received.  Results  for  this  week  in  the  first  zone, 
during  the  period  when  the  equipment  was  operating  properly  were: 

45  beam  aspect  echoes  from  136  transmissions  (33^  detection); 

24  bow  aspect  echoes  from  81  transmissions  (29$  detection). 

These  and  subsequent  figures  are  a result  of  laboratory 
analysis.  However,  very  few  targets  were  found  in  tbe  analysis 
which  were  not  confined  during  sea  tests. 
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Week  of  6 May.  USS  PICKEREL  (SS-524) 

The  next  week  of  operation  was  conducted  with  the  USS 
PICKEREL  (SS-524)  as  a target.  The  primary  purpose  of  operations 
was  to  attempt  target  intercept  hy  aircraft  where  the  only  infor- 
mation concerning  the  target  location  was  transmitted  hy  LORADAC. 

The  P2V  aircraft  arrived  on  station  at  1000  each  day  and  secured  the 
same  day  at  1600  for  three  consecutive  days.  The  tests  consisted 
in  general,  of  the  BAYA  being  submerged  on  station,  echo  ranging  on 
the  PICKEREL.  The  PICKEREL  was  conducting  either  programmed  or  un- 
alerted runs.  The  runs  were  planned  so  that  the  target  would  present 
bow,  stern,  and  quarter  aspects  and  nrovide  different  range  rates. 

The  REXBURG  stood  by  near  the  BAYA's  position  to  act  as  a point  of 
reference  for  the  aircraft.  When  the  BAYA  obtained  echoes  from  the 
PICKEREL,  a digitally  coded  message  was  included  in  the  next  trans- 
mission containing  range  and  bearing  information.  The  aircraft,  upon 
arrival  in  the  area,  dropped  a sonobuoy  near  the  REXBURG  and  moni- 
tored the  BAYA's  signal.  When  the  aircraft  received  the  information 
about  target  location  via  LORADAC,  it  then  proceeded  to  the  target 
area  based  on  this  information.  Upon  arrival  at  the  suspect  area, 
the  aircraft  dropped  a flure  and  a FDC  (Practice  Depth  Charge).  When 
the  PICKEREL  heard  the  explosion  it  surfaced  to  reveal  its  location. 
Runs  were  made  with  the  target  submarine  operating  in  the  first  con- 
vergence zone  as  well  as  the  10-20  miles  range  area  from  the  BAYA. 
These  tests  proved  quite  successful.  There  were  two  localizations 
within  about  two  miles  of  PICKEREL  and  one  localization  within  a few 
yards  of  PICKEREL.  Other  localizations  were  considerably  off  target. 
However,  it  was  demonstrated  that  this  type  of  communication  is 
feasible  despite  the  large  amount  of  error  that  could  have  existed 
in  these  tests.  If  the  BAYA  and  the  aircraft  had  been  equipped  with 
SINS,  the  problem  would  have  been  simpler  and  results  much  more 
accurate.  During  the  operating  time  when  the  aircraft  was  not  on 
station,  echo  ranging  exercises,  similar  to  the  preceding  week's 
runs,  were  conducted. 

Results  for  this  week,  from  surface  duct  and  first  zone 
tests,  were  126  beam  aspect  targets  from  192  transmissions  (66£ 
detection);  l6  bow  aspect  targets  from  33  transmissions 
detection)  and  55  stern  aspect  targets  from  168  transmissions 
(31 1»  detection). 

Week  of  13  Mav.  USS  CARBONERO  (SS-337) 

The  vulnerability  of  the  high  power  sonar  signal  on  the 
BAYA  to  enemy  localization  was  *he  subject  of  the  week's  operation 
with  the  USS  CARBONERO  (SS-337).  After  initial  positioning,  BAYA, 
simulating  an  area  sweep  operation,  was  to  start  echo-ranging  for 
a period  of  three  to  five  hours,  at  which  time  CARBONERO  would  try 
to  localize  BAYA's  source.  At  the  end  of  this  period  BAYA  was  to 
surface  for  eight  to  twelve  hours  for  transit  to  another  area  and 
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"begin  another  sweep  operation.  This  would  continue  until  CARBONERO 
found  BAYA  and  contacted  BAYA  on  UQC  to  terminate  the  event. 

CARBONERO  could  submerge  or  surface  and  was  restricted  to  ten  knots 
maximum  speed. 

A P2V  aircraft  was  to  arrive  in  the  area  at  a scheduled 
time  when  BAYA  was  submerged  and  independently  attempt  to  establish 
the  location  of  BAYA  using  sonobuoys  or  other  means.  Aircraft  inter- 
cept of  BAYA  was  to  be  signaled  by  dropping  three  PDC's  at  one  to 
two  second  intervals.  BAYA  would  then  acknowledge  by  firing  a flare. 


FIG.  9.  - Plot  of  vulnerability  run  with 
USS  CARBONERO  and  P2V  aircraft 
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STERLET  -was  tracked  from  six  to  twelve  miles  at  about  50$  detection 
before  it  was  lost. 

The  other  events  of  the  week's  operations  were  conducted 
in  an  area  about  50  miles  south  of  Pearl  Harbor.  Here  the  maximum 
depth  is  about  2500  fathoms  which  is  the  predicted  minimum  depth  to 
allow  convergence  zone  echo  ranging  in  the  Hawaiian  area.  The  tests 
were  conducted  with  the  target  making  runs  between  ranges  of  about 
five  and  thirty-five  miles.  In  one  run  the  STERLET  was  tracked  at 
43$  detection  from  eight  miles  to  13. 5 miles  before  it  was  lost. 

In  a similar  run  efforts  were  made  to  obtain  bottom  bounce  echoes 
off  the  target  by  tilting  the  transducer.  This  was  done  at  times 
when  the  echoes  were  coming  in  strongly  via  the  surface  channel. 
Invariably  the  echoes  would  disappear  when  the  transducer  was 
tilted. 

An  event  was  conducted  to  examine  a target's  capability 
for  concealment  by  moving  into  a bottom  limiting  area.  The  STERLET 
took  initial  station  at  thirty-four  miles  from  BAYA's  position  in 
water  deep  enough  for  zonal  detection.  Maintaining  approximately 
the  same  range,  STERLET  made  a run  which  took  her  into  bottom 
limiting  waters.  (See  Figure  10.) 
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This  week's  operation  concluded  the  LORAL  testing  in 
the  Hawaiian  area. 
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The  BAYA  returned  to  NEL  on  25  June,  where  the  signal 
processing  equipment  was  offloaded  and  assembled  in  a laboratory- 
area  for  further  testing  and  data  analysis  purposes.  At  the 
present  time  BAYA  is  in  the  San  Francisco  Naval  Shipyard  in  pre- 
paration for  further  testing  in  the  central  and  western  Pacific 
waters  during  1964. 

Summary  of  Results 

Luring  the  Hawaiian  tests  submarine  echoes  were  received 
at  sub-zonal,  first  and  second  zones  at  range  rates  from  eighteen 
knots  opening  to  twenty-four  knots  closing. 

It  was  demonstrated  that  BAYA,  while  submerged,  could 
vector  an  aircraft  via  LORALAC,  to  intercept  a submerged  target  at 
a range  of  thirty-three  miles,  the  maximum  range  attempted. 

Luring  a thirty-five  hour  source  vulnerability  test,  the 
conventional  submarine  CARBONERO  did  not  approach  closer  than 
thirty-five  miles  of  BAYA's  position.  The  P2V  aircraft  was  unable 
to  achieve  a good  localization. 

Letection  of  a submarine  target  in  shallow  water  was 
found  to  be  feasible.  Echoes  were  received  in  a 200  foot  water 
depth  between  ranges  of  6.8  and  11.5  miles. 

Many  useful  data  were  gathered  during  the  tests  which 
permits  an  evaluation  of  propagation  loss  versus  detection;  re- 
verberation levels  versus  detection  capability;  and  the  use  of 
propagation  loss  examination  to  determine  zonal  boundaries. 

The  results  of  the  Hawaiian  tests  are  described  in  much 
more  detail  in  a yet  to  be  published  HEL  report  entitled  LORAL 
Limited  Operational  Tests. ^ 
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1.  Navy  Electronics  laboratory  Report  698 
R.  G.  Stephenson,  QCiBHBBiaBtt,  22  June  19! 


by  members  of  the  Scientific  Department,  9 Octol 

3.  Navy  Electronics  Laboratory  Report  (in  publication)  LORAD 
Limited  Operational  Tests  by  R.  B.  Wheeler,  OOMPIBiyPlAL 


